Introduction
Remarkable progress has been made over the past 15 years in the treatment of HIV infection such that average additional life expectancy of young adults initiating antiretroviral therapy (ART) in high-income countries is estimated to be in the region of 50 years [1] . However, mortality remains unacceptably high among those patients who present to ART services with advanced immunodeficiency and serious opportunistic infections and especially in resource-limited settings [2] [3] [4] . It is as yet unclear when patients should start ART during the treatment for their opportunistic infections to minimize this mortality risk. In this paper, we discuss the rationale for either early or deferred initiation of ART. We review insights provided by observational cohort studies and the key evidence that is now emerging from randomized controlled trials.
Rationale for early or late initiation of antiretroviral therapy
The rationale for either early or deferred initiation of ART is defined by a range of potential factors (Table 1) .
Early ART halts progressive immunodeficiency and rapid immune recovery may reduce the risks of further opportunistic infections and mortality. It may also promote more rapid immune clearance of the opportunistic infections and reduce the risk of relapse [5] . Moreover, for some infections such as cryptosporidiosis, microsporidiosis and progressive multifocal leucoencephalopathy, ART represents the most important component of treatment and should therefore not be delayed at all.
For other serious opportunistic infections such as tuberculosis (TB) and cryptococcal meningitis, however, there are several adverse consequences associated with early initiation of ART, which may favour delaying treatment (Table 1 ). The high pill burden with overlapping regimens may reduce treatment tolerability and undermine adherence. In addition, there may be pharmacokinetic drug-drug interactions and cotoxicities. An important example of this is the concurrent use of rifampicin-containing TB treatment and ART regimens containing either non-nucleoside reverse transcriptase inhibitors (NNRTIs) or protease inhibitors [6, 7] . Moreover, in patients who develop suspected adverse reactions to Purpose of review We review recently published literature concerning the optimum time to start antiretroviral therapy (ART) in patients with HIV-associated opportunistic infections.
Recent findings
In addition to data from observational studies, results from six randomized controlled clinical trials were available by July 2010. The collective findings of these trials were that patients with CD4 cell counts less than 200 cells/ml who start ART within the first 2 weeks of treatment for opportunistic infections including Pneumocystis jirovecii pneumonia, serious bacterial infections or pulmonary tuberculosis have lower mortality when compared to patients starting ART at later time-points. Moreover, patients with pulmonary tuberculosis and CD4 counts of 200-500 cells/ml who started ART during tuberculosis (TB) treatment had improved survival compared to those who deferred ART until after the end of treatment. In contrast, in two separate studies, immediate ART conferred no survival benefit in patients with TB meningitis and was associated with substantially higher mortality risk in patients with cryptococcal meningitis. Summary Initiation of ART during the first 2 weeks of treatment for serious opportunistic infections has been shown to be associated with improved survival with the exception of patients with tuberculous meningitis and cryptococcal meningitis. Further clinical trials are ongoing. drugs, identifying the cause is more complex when multiple drugs are started simultaneously.
Keywords
Paradoxical immune reconstitution disease (IRD; also known as immune reconstitution inflammatory syndrome or IRIS) and its consequences is one of the most important considerations and is frequently cited as a key reason for treatment deferral. This complication arises as an inflammatory response to residual microbial antigen during rapid immune recovery [8, 9] . The risk of IRD is therefore higher the earlier ART is started [10, 11] . A particular concern is that IRD associated with opportunistic infections involving the central nervous system (CNS) may be associated with higher mortality risk than that associated with IRD occurring outside the CNS [12] .
Thus, the optimal timing of ART depends on a number of important competing risks. For many years this has been associated with considerable clinical uncertainty and yet data from many observational studies and a number of controlled clinical trials are now available.
Observational studies
Studies from South Africa have highlighted the high mortality risk of adults and children waiting to start ART [13] [14] [15] ; even short delays of a few weeks may be associated with substantial mortality risk. Mortality risk before and during ART are higher for patients initiating treatment in resource-limited settings [16] . In sub-Saharan Africa, for example, between 8 and 26% of patients die in the first year of ART [4] . A high proportion of these deaths occur in the first 3 months of ART and mortality risk in this period is several-fold higher than that of patients treated in high-income settings even after adjustment for the degree of immunodeficiency and other baseline patient characteristics [3] . Deferral of ART may therefore be associated with greater risks for patients treated in sub-Saharan Africa and the optimum timing for ART initiation during opportunistic infections may differ between settings [17] .
In patients with HIV-associated TB, there was concern that poor tolerability of concurrent treatment regimens and reduced plasma concentrations of NNRTIs and protease inhibitors due to induction of hepatic metab-olism by rifampicin would undermine virological outcomes [6,7]. However, excellent virological outcomes have subsequently been reported, regardless of whether patients were treated using a simplified public health approach in resource-limited settings or with highly individualized treatment in high-income settings [18] [19] [20] . Similarly, despite fears of cotoxicity from concurrent use of ART and TB treatment, treatment-limiting toxicity is not common in cohorts receiving NNRTI-based ART [21] [22] [23] .
Perhaps the greatest concern among those favouring deferred initiation of ART in patients with TB was that of IRD [8] . A small proportion of patients with TB IRD die, and yet this risk has to be understood from the perspective that those who are most likely to develop this complication are the very patients who have the highest pre-existing mortality risk [8] . A recent systematic review and meta-analysis reported a pooled incidence estimate of TB IRD of 15.7% [95% confidence interval (CI) 9.7-24.5] among patients receiving overlapping TB treatment and ART [24 ] . Of those developing this complication, 3.2% (0.7-9.2) died [24 ] , indicating that approximately 1 in 200 (0.5%) patients receiving concurrent TB treatment and ART die from (or with) this complication.
The optimal timing of ART initiation may depend on the opportunistic infection and its anatomical location. IRD involving the CNS, for example, is generally more severe and associated with higher mortality risk [12] . A metaanalysis of studies of patients with cryptococcal meningitis starting ART found a pooled incidence of IRD of 19.5% (95% CI 6.7-44.8) and of these patients 20.8% (5.0-52.7) died [24 ] . Thus, approximately 1 in 25 patients starting ART during treatment for cryptococcal meningitis died of immune reconstitution disease. In a South African study of 23 patients with paradoxical TB IRD involving the CNS, 87% required hospital admission, 91% received corticosteroids and 13% died during the 6-month follow-up period [25 ] . Thus, early ART initiation in patients with CNS opportunistic infections may be associated with adverse overall outcomes.
Researchers have attempted to delineate the optimal timing of ART from observational cohorts of patients with TB. A retrospective analysis of 1003 Thai patients demonstrated that patients with HIV-associated TB who delayed ART for at least 6 months after TB diagnosis had a higher mortality rate than those who initiated ART less than 6 months after TB diagnosis (hazard ratio 2.65, 95% CI 1.15-6.10) [26] . Velasco and colleagues [27 ] in Spain studied 313 adult patients with HIV-associated TB who received overlapping therapy. Groups of patients who started ART either within the first 2 months of TB treatment or after completing at least 3 months of TB treatment had similar median baseline CD4 cell counts but the adjusted hazards of death among those starting ART within 2 months of TB treatment was 0.37 (95% CI 0.17-0.66). A major weakness in this analysis, however, is that it did not account for patients who died before starting ART nor for biases inherent in ART allocation.
Observational data have also been derived from an analysis of a large paediatric cohort of children with HIV-associated TB (n ¼ 573) in South Africa [28 ] . Mortality risk was calculated stratified according to the timing of ART during TB treatment. The authors report a statistically nonsignificant trend in results; delay in ART for more than 60 days compared to less than 60 days was associated with hazard of death of 1.32 (95% CI 0.55-3. 16 ) and a hazard of viral suppression of 0.84 (95% CI 0.61-1.15). Such analyses remain fundamentally flawed even after adjustment for baseline immunodeficiency and other characteristics. The timing of ART initiation is a clinically based decision and so sicker patients with more advanced immunosuppression (and higher mortality risk) are much more likely to start ART early in the course of TB treatment. How this decision is made cannot be fully adjusted for in observational data, which therefore remain confounded by indication.
Randomized controlled trials
Observational studies have proven useful in defining the competing risks inherent in the clinical decision making, informing early versions of treatment guidelines and shaping the subsequent design of controlled clinical trials. Well conducted randomized clinical trials are, however, needed to provide definitive data to underpin public health policy. By July 2010, data were available from five randomized controlled trials (RCTs) in which mortality was included in the primary outcome [29 ,30,31 ,32 ,33] . These studies enrolled patients with a range of opportunistic infections in different geographical settings (Table 2 ) and below we discuss each of these in turn.
A sixth study was a pilot study in Tanzania that assessed the impact of delayed versus early initiation of a triplenucleoside regimen on adverse events including IRD in patients (n ¼ 70) being treated for TB [34 ] . Both early and late ART initiation was well tolerated and no IRD events were diagnosed.
Acute opportunistic infections excluding tuberculosis
The AIDS Clinical Trials Group (ACTG) study A5164 was the first randomized controlled trial to be reported and enrolled most of its participants in the USA (Table 2 ) [29 ] . Patients had very advanced immunodeficiency (median CD4 cell count, 29 cells/ml) and a range of opportunistic infections, excluding TB. A majority (63%) had Pneumocystis jirovecii pneumonia (excluding severe disease), with the other most frequent opportunistic infections being bacterial infections, cryptococcosis and toxoplasmosis (Table 2 ). Patients were randomized to start ART within the first 14 days of opportunistic infection treatment (median 12 days) or to start ART after completion of opportunistic infection treatment (median 45 days; IQR 41-55) and were followed up for 48 weeks.
The primary end-point was a composite three-level ordered categorical variable that included death, progression to AIDS and virological response. A trend favouring earlier treatment, however, was not statistically significant. Because virological responses at 48 weeks in the two groups were equivalent, inclusion of virological suppression within the composite primary end-point effectively 'diluted' the observed differences in the important clinical outcomes. The simpler (and perhaps more appropriate) secondary end-point of death or progression to AIDS was strongly associated with the timing of ART (Fig. 1 ). The early arm had fewer patients with progression to AIDS or death compared to the late arm (14.2 versus 24.1%; odds ratio ¼ 0.51, 95% CI 0.27-0.94).
Early ART was also strongly associated with a shorter time to achieving a CD4 cell count greater than 50 cells/ ml (4.0 versus 8.6 weeks, P < 0.001) and no increase in adverse events or immune reconstitution disease.
These data therefore provided important evidence to support early initiation of ART in patients presenting with acute AIDS-related opportunistic infections or severe bacterial infections with the exclusion of TB. There were, however, an insufficient number of patients with cryptococcal meningitis to inform management of this condition although there was a very strong trend towards lower progression to AIDS or death in those receiving early treatment.
Pulmonary tuberculosis in South Africa
In an open-label, randomized controlled trial in Durban, South Africa (the 'SAPIT' trial), HIV-infected patients with sputum smear-positive pulmonary TB were assigned to start ART within the first 4 weeks of the intensive phase of TB treatment (early integrated arm), within the first 4 weeks of the continuation phase (late integrated arm) or within 4 weeks of completing TB treatment (sequential arm) [31 ] . Patients with diagnoses of new or recurrent TB and with CD4 cell counts less than 500 cells/ml were included. The primary outcome was all-cause mortality ( Table 2) .
Following an interim analysis by the data safety and monitoring board, the sequential arm of the study was halted due to a high mortality rate. This initial report from the study compared the outcomes of patients in the two integrated arms combined with those of patients in the sequential arm [31 ] . Overall, the hazard of death in the integrated arms was 0.44 (95% CI 0.25-0.79). For those with CD4 cell counts 200 or less or 200-500 cells/ ml, the hazards of death were 0.54 (0.30-0.98) and 0.16 (0.03-0.79), respectively. Thus, delay of ART initiation until after the completion of TB treatment was associated with significantly higher mortality risk for all patients regardless of CD4 cell count stratum.
Study limitations included the enrolment only of patients with smear-positive pulmonary TB. Smear-negative and extrapulmonary TB are more frequent forms of disease at lower CD4 cell counts and are associated with higher mortality risk.
The study was open-label and clinical judgement took precedence over the protocol-defined timing of ART, potentially undermining baseline randomization during follow-up. There were 36 withdrawals from the study and 41 patients were lost to follow-up, representing a total of 12% of patients enrolled.
This study has drawn criticism with regard to the inclusion of patients with CD4 cell counts less than 200 cells/ml into the sequential arm in which ART was deferred by upto 7 months for new TB cases and upto 9 months for retreatment TB cases [35, 36] . It was predictable that such patients would have higher mortality and it is difficult to justify that equipoise existed when the study was designed in 2005. It was known that such patients had high case fatality rates of 16-35% during 6 months of TB treatment [37] and that ART substantially reduced mortality risk [38, 39] . Moreover, a systematic review of TB IRD in 2005 found not a single case that resulted in death [8] and there were no data to indicate drug cotoxicity resulted in appreciable mortality.
Notwithstanding this ethical concern, these data provide important evidence that all TB patients with CD4 cell counts in the range 0-500 cells/ml should receive concurrent (integrated) TB treatment and ART. The key remaining question is the optimal timing of ART during the initial 2-3 months of TB treatment.
Pulmonary tuberculosis in Cambodia
More recent data provided by an open label RCT conducted in Cambodia (the 'CAMELIA' trial) have provided more precise data for the optimum timing of ART in TB patients with CD4 cell counts less than 200 cells/ml (Table  2 ) [33] . Eligible patients (n ¼ 661) were ART-naive adults with newly diagnosed smear-positive pulmonary or extrapulmonary TB. ART initiation after 2 and 8 weeks of TB treatment were compared. Follow-up was for a minimum of 1 year (mean, 2 years). The primary outcome was death.
The mortality rate in the early arm was 8.3 deaths/100 person-years (95% CI 6.4-10.7) compared to 13.8 deaths/ 100 person-years (11.2-16.9) in the late arm (P ¼ 0.002). IRD events were twice as frequent in the early arm (33 versus 15%) and, although there were five IRD deaths in the early arm compared to one IRD death in the late arm, this did not off-set the benefits of early ART. In adjusted analyses, the hazards of death in the late arm was 1.52 (1.12-2.05; P ¼ 0.007) and early treatment was associated with a 35% lower mortality. Kaplan-Meier analyses showed that the survival benefit gradually accrued during long-term follow-up and was not a short-term effect. This was not related to long-term differences in the immunological and virological response to ART and the reasons for this remain unclear.
The benefit observed is entirely consistent with the data from Zolopa et al. [29 ] as discussed above. However, it should be noted that in both these studies, patients had very advanced immunodeficiency and further data from patients with less advanced disease and from a range of settings are required.
Tuberculous meningitis in Vietnam
HIV-associated TB meningitis (Fig. 2) has a devastating prognosis, with a mortality of 67% and median time to death of 20 days reported from the cohort patients without ART availability in Vietnam [40] . The risks and benefits of early versus delayed ART are unknown and may differ from those in patients with other forms of TB. A randomized double-blind placebo-controlled trial of patients with HIV-associated TB meningitis (n ¼ 253) has now been completed in Vietnam [30] ( Table 2) .
The proportions with grade I, grade II and grade III meningitis were 32, 38 and 29%, respectively, and the median CD4 cell counts in the early and late arms were 39 and 44 cells/ml. Patients received a 9-month TB treatment that contained rifampicin throughout. Either efavirenz-based ART (immediate arm) or placebo (deferred arm) were started at the same time as TB treatment and all patients subsequently received open label ART from 2 months. Adjunctive corticosteroids tapered over 6-8 weeks and cotrimoxazole were also standard of care for all patients. Mortality at 9 months was the primary outcome.
Mortality was high at 9 months. Kaplan-Meier survival proportions were just 35.2 and 40.3% in the immediate and deferred arms, respectively. Compared to the deferred arm, immediate ART was not significantly associated with mortality (hazard ratio 1.12; 95% CI 0.81-1.55; P ¼ 0.50) or the time to new AIDS events or death (hazard ratio 1.16; 95% CI 0.87-1.55; P ¼ 0.31).
The dominant independent predictor of mortality was the TB meningitis grade.
Grade III or IV adverse events were observed in both immediate and deferred arms during the course of the study (90 versus 89%), but these were more common during the first 2 months in the immediate arm (86 versus 75%, respectively; P ¼ 0.04). Secondary end-points of immunological and virological responses to ART were, as expected, more rapid with immediate treatment. Overall, these data do not support immediate initiation of ART in patients with TB meningitis. Further data are needed from other settings.
Cryptococcal meningitis in Zimbabwe
Cryptococcal meningitis remains a major cause of HIVassociated morbidity. Mortality rates of 10-25% are reported from high-income settings but may be considerably higher in resource-limited settings [41] . Little, however, is known about the optimal timing of ART. A randomized open-label clinical trial conducted in Zimbabwe compared initiation of ART within the first 72 h of antifungal treatment with initiation after 10 weeks [32 ] . All patients presented with their first episode of cryptococcal meningitis and were ART-naive. They were treated with oral fluconazole (800 mg once daily) and nevirapine-based ART and followed up for 3 years. The trial was discontinued prematurely after an interim analysis by the data safety and monitoring board found a significantly higher mortality in the early treatment arm.
The baseline characteristics of the two groups were adequately matched. However, the 3-year mortality in the early and deferred arms was 88 versus 54% (P ¼ 0.006) and median survival in the two arms was 28 and 637 days, respectively (P ¼ 0.031). In adjusted analyses, early ART was associated with an almost three-fold greater mortality risk (adjusted hazard ratio 2.85; 95% CI 1.1-7.23). A large majority of deaths occurred in the first 2 weeks after diagnosis and almost all occurred within 4 weeks. Causes of death were ascribed using clinical observation and were primarily thought to be due to complications of cryptococcal meningitis.
The data show that under the circumstances studied, early ART was very strongly associated with higher mortality risk. However, a number of factors need to be considered when interpreting these data [42] . 'Early ART' was given very early indeed (<72 h) and 'late ART' was given very late (>10 weeks). Many clinicians would perhaps not intuitively choose either of these timings for treating their patients. Patients received high-dose oral fluconazole (a fungistatic drug) for their cryptococcosis as this is the standard of care in most African countries. Use of amphotericin, a fungicidal drug, is thought to clear cryptococcal antigen from the CNS more rapidly [41] and may therefore be associated with a lower risk of IRD, which was potentially a key factor driving mortality in the early arm. Patients were also under routine care of local hospital physicians rather than the study team and did not have protocol-driven monitoring and interventions to reduce intracranial pressure, a very important component of the management of this condition. There was neither clinical case definition nor management plan for cryptococcal IRD -a likely important cause of raised intracranial pressure and mortality [43] . Thus, the excess mortality risk associated with early ART might have been diminished by amphotericin use and appropriate management of raised intracranial pressure. Future studies will need to address alternative ART timing strategies, different antifungal regimens, management of raised intracranial pressure and use of adjunctive corticosteroids.
Current WHO guidelines
The WHO guidelines (2002) for the use of ART in adolescents and adults have been sequentially revised in 2003 and 2006 and most recently in 2010 [44 ] . Data from early observational studies and later RCTs have resulted in a gradual shift in the guidelines towards earlier initiation of ART in those with TB. The most recent guidelines recommend that all patients with HIV-associated TB should start ART regardless of the CD4 cell count and this should be done as soon as possible within the first 8 weeks of TB treatment [44 ] . Although the data from the CAMELIA trial emerged after publication of these guidelines, the data are nevertheless entirely supportive of the recommended timing [33] . No specific recommendations were made regarding the management of TB meningitis, however, but the currently available data [30] do not show an adverse impact of early treatment on survival as discussed above. No recommendations either were given in the current WHO guidelines regarding the timing of ART during treatment of other serious acute opportunistic infections. Future guidance will be particularly important with regard to the management of cryptococcal meningitis.
Ongoing clinical trials
A number of ongoing RCTs also aim to address the optimum time to start ART in TB patients (Table 3) . These studies are being conducted in a wide range of geographical locations and include patients with differing degrees of immunodeficiency. A variety of study primary outcomes include survival, disease progression, TB treatment outcomes and drug toxicity. However, none of these studies includes participants under the age of 13 years and thus a critical need exists for studies in children. A further RCT (NCT01075152) was also funded in 2010 to investigate the optimal timing of ART in patients receiving amphotericin treatment for cryptococcal meningitis at three sites in Uganda and South Africa (D. Boulware, personal communication).
Conclusion
Great progress has recently been made in defining the optimum timing of ART in patients with serious opportunistic infections. The overall conclusion from the accumulated data is that early ART (within the first 2 weeks) is associated with lower mortality for patients with P. jirovecii pneumonia, serious bacterial infections and pulmonary TB compared to treatment at later time points. However, RCTs have shown that immediate ART conferred no survival benefit in patients with TB meningitis in Vietnam and was associated with substantially higher mortality risk in patients receiving fluconazole for cryptococcal meningitis in Zimbabwe. In both these conditions, further data are required to determine the optimum management strategies. 
